We investigate the role of phonons on the emission properties of solid-state single photon sources. We demonstrate a fundamental trade-off between indistinguishability and efficiency of sources based on both cavity and waveguide architectures.
Introduction
The efficient generation of on-demand highly indistinguishable photons remains a barrier to the scalability of a number of photonic quantum technologies. To this end, attention has recently turned towards solid-state systems, and in particular semiconductor quantum dots (QDs) [1] [2] [3] [4] [5] , which can not only emit a single photon with high quantum efficiency, but can be easily integrated into larger photonic structures, resulting in photons being emitted into a well-defined mode and direction. Nevertheless, the solid-state nature of QDs leads to strong coupling between the electronic degrees of freedom and their local environment; fluctuating charges [6] , nuclear spins [7] , and lattice vibrations [8] [9] [10] [11] all lead to a suppression of photon coherence and a resulting reduction in indistinguishability [3, 12, 13] .
Theory
In this work we develop a microscopic theory to establish the crucial role of lattice relaxation in QD devices. Our theory is based on the polaron formalism [10, 11] , which enables us to capture signatures of non-Markovian behaviour in the a QD emitting into a slow-light waveguide with and without a spectral filter, and a QD in a coherently coupled optical cavity. b) Indistinguishability and efficiency of the three source architectures. The indistinguishability plot indicates that the dominant effect of a resonantly coupled cavity is to filter the QD emission, while the efficiency plot demonstrates that Purcell enhancement in a cavity can overcome efficiency losses incurred by filtration of the phonon sideband.
